Gold-thiolate/disulfide exchange reactions of (p-SCeH4CI)=with Ph3PAu(SC6H4CH3), dppm(AuSCH4CH)=, and dppe(AuSCH4CH)= were investigated. The rate of reactivity of the gold-thiolate complexes with (p-SCsH4CI)= is: dppm(AuSC6H4CH3)2>> dppe(AuSC6H,CH3)= > Ph3PAu(SCH4CH3 
INTRODUCTION
Gold in the +1 oxidation state is a soft metal and is therefore expected to have less affinity for the "hard" sulfur in disulfides than for the "soft" sulfur in thiolates. However, there are several reports in the literature that demonstrate that gold(I) can react with simple organic disulfides as well as the disulfide bonds in proteins. 2. 3 The reaction of gold(I) and disulfides is potentially significant for the biochemistry of gold(I) drugs because of the importance of disulfide bonds in stabilizing protein structure and moderating biochemical reactions. There is added significance for rheumatoid arthritis where oxidative stress is believed to result in an increase in disulfide bonds in oroteins? b Several years ago, we began a program to study whether phosphine gold(I) thiolate complexes would react with organic disulfides. 4 This study was motivated by the observation that dppm(AuSCsH4CHa) undergoes the gold-thiolate/disulfide exchange reaction shown in eq. Typically, a total of 40-60 mg of compound was used. All measurements were made in the air and at room temperature.
RESULTS AND DISCUSSION
The gold-thiolate/disulfide exchange reactions, shown in eqs. 1-2, can be monitored by H NMR. s,, In the reaction of dppm(AuSCH4CH)= with disulfide (eq 1), the mixed disulfide, CICsH4SSCsH4CHs begins forming immediately upon mixing. After 20 minutes, 35% of (p-SCsHCI)= is converted into CICeH4SSCeHCH3. Although the reaction is initially fast, it gradually slows down so that after 1.5 hours, conversion of (p-SCH,CI)2 to CICeH4SSCeH4CH is 50% complete and after 15 hours, it is 65% complete (see Table 1 ). Conductivity. To aid our interpretation of the rate data, we performed conductivity measurements :n a series of complexes including Ph3PAu(SC6H4CH3), dppe(AuSC6H4CH3), and dppm(AuSC6H4CH3)=.
5,1,11 As shown in Table 1 , the conductivity of dppm(AuSCHCH3)= in CH=CI= is an order of magnitude larger than the mononuclear complex and 5 times greater than the dppe complex. All complexes exhibit weak electrolyte behavior. In Figure 1 , the conductivity of dppm(AuSC6H,CH3)= is shown in comparison to [ 
in the meta hydrogens on the aromatic ring of the thiolate, relative to the pure samples. However, the H NMR spectrum of a 1"1 mixture of dppm(AuSCeH4CH)2 and dppm(AuSCeH4CI)2 in CD=CI2 shows that the doublet peaks centered at 6.87 and 6.97 ppm, assigned to the meta-ring hydrogens in SCH,CH and SC6H4CI, respectively, do not shift and are identical to the chemical shifts for each complex alone. '1 An interesting feature in the H NMR spectrum of dppm(AuSC6H4CH)= is that the methylene hydrogens on the dppm ligand appear as a broad triplet at 3.7 ppm (in CD=CI=) and the chemical shift is concentration dependent. ,1 This suggests that there is an equilibrium between two species involving the methylene hydrogens on the dppm ligand. To test this hypothesis, two equivalents of D=O were added tc a solution of dppm(AuSC6H4CHa)2 in CDCI=. After 3 hours the methylene hydrogens on the dppm liganc have decreased by one-half and after 12 hours, the triplet signal has disappeared. Thus, pathway b ir Scheme appears to be a better explanation for the ionic intermediates present in solutions ol dppm(AuSCHCH).
There are several examples in the literature that illustrate the acidity of the methylene hydrogens in oordinated dppm.However, deprotonation of a dppm ligand generally requires a strong base. An important feature of the dinuclear gold complex, dppm(AuSCHCH)2, is that it exists in solution as a mixture of gold-gold bonded and nonbonded conformers. 4' The activation barrier for interconversion of these two conformers is about 10 kcal/mole, which agrees with other estimates of the gold-gold bond strength. TM Our results suggest that the auriophilic Au-Au interaction in dppm(AuSCHCH)2 perturbs the electronic structure enough to effect the acid-base properties of the methylene protons in dppm. Indeed there is precedent in the literature for this type of effect. Fackler 
